A cross sectional study was carried out to determine the prevalence of bronchial hyperresponsiveness and asthma in 3067 students aged 11-17 years in an urban and a rural area of Guangzhou (Canton), China. The methods used included a self administered questionnaire, a histamine bronchial provocation test, and allergen skinprick tests. Bronchial hyperresponsiveness was defined as a 20% fall in FEV, and peak expiratory flow at a provoking dose of histamine (PD20) less than 7-8 pmol on two occasions four weeks apart. The response rate was 98 0% and 99-2% in the two areas. The prevalence of bronchial hyperresponsiveness was 4-1% and of diagnosed asthma 2-4% in the total population. There were no significant differences in prevalence between the urban and the rural area or between boys and girls. The 11-12 year group had a higher prevalence of bronchial hyperresponsiveness (7-6%) than the older groups. Of the 125 with bronchial hyperresponsiveness, 12-0% were defined as having severe or moderate (PD20 < 0-8 pmol), 26% mild (0-9-3-2 pmol), and 62% slight bronchial hyperresponsiveness (3-3-7-8 pmol). The severity of bronchial hyperresponsiveness was closely related to diagnosed asthma, wheezing, and cough, though half the students with bronchial hyperresponsiveness were symptom free. The most common allergens were house dust and house dust mite in the city, and hay dust, pollen, and feathers in the rural area. The odds ratios for having respectively slight, mild or moderate, and severe bronchial hyperresponsiveness were 5-9, 21-0, and 30 4 for atopy; 1'9, 1 9, and 7-3 for early respiratory infection; and 3-1, 2-5, and 5-6 for a history of parental asthma.
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Bronchial hyperresponsiveness is recognised as a characteristic feature of asthma.' It has been suggested that the prevalence of bronchial hyperresponsiveness in a community could be used as an objective marker of the prevalence of asthma.2 Nevertheless, although there is a fairly close relation between asthma and bronchial hyperresponsiveness, subjects with bronchial hyperresponsiveness do not necessarily have asthma or vice versa.3 There are no reports of the prevalence of bronchial hyperresponsiveness in China; the reported prevalence of asthma in China is based on questionnaire surveys.' Questionnaire based figures for the prevalence of asthma may underestimate the true prevalence because some asthmatic subjects, especially children and adolescents, may not have typical wheezing. 7 In this paper we describe the prevalence of bronchial hyperresponsiveness, diagnosed asthma, and respiratory symptoms in two areas of southern China. We explore the relation between bronchial hyperresponsiveness and several potential risk factors, including atopy, upper respiratory tract infection, family history, early respiratory illnesses, age, sex, and area of residence. We also evaluated the use of peak expiratory flow in the measurement of bronchial hyperresponsiveness in an epidemiological setting.
Methods

POPULATION
All students aged 11-17 years attending the Hua-Chiao Secondary School in an urban area of Guangzhou (Canton), and the CongHua Secondary School, in a rural area 63 km from the centre of Guangzhou, were enrolled in the study. There were 1547 students in the urban group and 1564 students in the rural group. Studies were carried out during the winter in December 1987 and January 1988. The mean (SD) temperature during the survey was 15°(4°)C in the urban and 14°(4°)C in the rural area; humidity during the survey was 60-90% in the urban and 50-90% in the rural area. Approval for the study was obtained from the director of the Guangzhou Department of Education and the Guangzhou Health Bureau.
QUESTIONNAIRE
We used a modified version of the children's questionnaire (78-C) compiled by the American Thoracic Society and the US National Heart and Lung Institute, Division of Lung Diseases. chial hyperresponsiveness, those without any respiratory symptoms or asthma had a geometric mean (SD) PD20FEV1 of 6-28 (2 80) imol, which was higher than that in subjects with respiratory symptoms or current asthma (PD20FEV1 4-11 (2.42) ,umol; p < 0-05).
The severity of bronchial hyperresponsiveness was correlated with three risk factors: Table 5 Common allergens in students with bronchial hyperresponsiveness (No (%) of groups) atopy (p < 0-01), early respiratory illness (p < 0-01), and parental asthma (p < 005) (figure). Comparing the group with normal bronchial responsiveness to the group with moderate or severe bronchial hyperresponsiveness showed an increase in the number of subjects with atopy (from 32% to 93%), of those with early respiratory illness (from 16% to 60%), and of those with a history of parental asthma (from 1-2% to 6-7%). Odds ratios for the severity of bronchial hyperresponsiveness in relation to the three risk factors are shown in table 4 . The risk of bronchial hyperresponsiveness was greatest in subjects who were atopic and it increased further in those with atopy plus early respiratory infection and parental asthma.
Results of skinprick tests from 122 subjects with bronchial hyperresponsiveness (table 5) showed that the predominant allergens in the students in the urban area were house dust and house dust mite. Positive reactions to hay dust, maye pollen, and feathers were much higher in the students from the rural area.
There was a positive correlation between the atopy index and the severity of bronchial hyperresponsiveness as measured by the PD20FEV1 (r = 029, p < 001).
Discussion
We modified Yan's method9 for histamine inhalation challenge by using peak expiratory flow rate to measure bronchial responsiveness rather than FEV1 and have measured bronchial responsiveness in a large population of children aged [11] [12] [13] [14] [15] [16] [17] PD20FEV, and PD20PEF was found in the present study. Being simple, cheap, and easy to use, the peak flow meter is a useful tool for measuring response in histamine inhalation tests in large populations and gives results similar to those obtained with the FEVy. Bronchial hyperresponsiveness was defined on the basis of a reproducible response to two histamine inhalation tests. Students with a fall in PEF of 20% or more with the first histamine challenge received a second histamine challenge test four weeks later. Only those who had a fall in both PEF and FEV, of 20% in the second test were considered to have bronchial responsiveness. Of the 176 students who had a fall in PEF of 20% in the initial test, 125 had a fall in both PEF and FEV, of20% in the second test. Mean baseline FVC, FEVI, and PEF values in these 125 children (table 1) were within the predicted range for Chinese children.11 12 Of 51 children without a 20% fall in FEV, and PEF in response to histamine in the second study, 39 had had an upper respiratory tract infection within two weeks of the initial study. In contrast to the results of Peat et al, '4 who found no relation between recent upper respiratory tract infection and bronchial responsiveness, our data suggest that an upper respiratory tract infection increased bronchial responsiveness. Of the 61 students with an upper respiratory tract infection at the first visit, 54 had bronchial hyperresponsiveness, compared with 15 at the second visit. Burney et al 7 and Josephs et al 8 have shown that bronchial responsiveness will vary within subjects if measured on more than one occasion. The present criteria may lead to an underestimation of the prevalence of bronchial hyperresponsiveness in relation to the results ofother studies, but our study has shown that upper respiratory tract infection is an important factor interfering with prevalence figures. To reduce the number of false measurements of bronchial hyperresponsiveness, the "natural" bronchial responsiveness of those subjects was determined by repeating the histamine challenge at least three weeks after the upper respiratory tract infection. '9 The prevalence of bronchial hyperresponsiveness in our population was 4-1%, which is considerably lower than that reported in children by Salome et al (17 used to measure and define bronchial hyperresponsiveness differed, however, though there may also be differences due to race, environment, and age. The prevalence measurements in the previous studies were obtained in children aged [8] [9] [10] [11] years. In our study the prevalence of bronchial hyperresponsiveness was higher in the 11-12 year group (7 6%) than in those aged 13-15 (4-2%) and 16-17 years (3-2%). The prevalence of bronchial hyperresponsiveness may be higher still in the 8-11 year age group in southern China.
The prevalence of diagnosed asthma in our population was 2-4%, which is much lower than that found by Salome et al (12-8%)' and Dodge and Burrows (6.6%)22 but similar to that found by Lee et al2 and Alanko.24 The prevalence in the 11-12, 13-15, and 16-17 year age groups (4-1%, 2-5%, and 21%) did not differ significantly, possibly owing to the small sample size (197) in the 11-12 year age group. There was a trend towards a decreased prevalence of both bronchial hyperresponsiveness and asthma in the older groups, as noted by others. 25 The severity of bronchial hyperresponsiveness was closely associated with the prevalence of current or previous asthma, wheezing, and night cough. Among the 125 students with bronchial hyperresponsiveness mean PD20 FEV, was lower in those with any respiratory symptom or diagnosed asthma. Sixty six out of 125 students with bronchial hyperresponsiveness (53%) were symptom free, however, and 12 students previously diagnosed by a doctor as having bronchial asthma had normal bronchial responsiveness. Thus we agree with the comment of Salome et al3 that there is an incomplete association between bronchial hyperresponsiveness and diagnosed asthma. Possibly those with symptom free bronchial hyperresponsiveness are at higher risk for the development of asthma, but there is so far no evidence to support this.
The prevalence of bronchial hyperresponsiveness and diagnosed asthma did not differ between the urban and rural groups, or between boys and girls. Although the air concentrations of suspended particles (mean (SD) 226 (120) ug/m3) and sulphur dioxide (78 (58) Yg/m3) in the urban resident area of Guangzhou were slightly higher than those in the rural Conghua area (153 (92) ig/m3 and 35 (30) ug/m3),26 the outdoor temperature, humidity, and lifestyle are similar in the two areas. The prevalence of asthma and bronchial hyperresponsiveness also did not differ between boys and girls. Coultas and Samet, by contrast, found a higher prevalence of asthma in boys than girls. 27 Atopy was the most important risk factor associated with bronchial hyperresponsiveness. Welty et a128 and Woolcock et al 29 failed to find any correlation between atopy and bronchial hyperresponsiveness in their adult population surveys. In the present study, however, more than 80% of subjects with bronchial hyperresponsiveness were atopic-a very much higher proportion (p < 0 001) than in those with no bronchial hyperresponsiveness (31 5%). Odds ratios for atopy increased from 5-9 to 30 4 in those with slight to moderate (and severe) bronchial hyperresponsiveness. In addition, the severity of bronchial hyperresponsiveness was correlated with the atopy index, as in the study of Peat et al.0 Seventeen of the 125 subjects with bronchial hyperresponsiveness (13-6%), however, had negative skin test responses.
Early respiratory infection was also a risk factor for bronchial hyperresponsiveness, the odds ratios being 1~9 for those with slight and 7-3 for those with moderate bronchial hyperresponsiveness. This result is in accordance with the data of Gurwitz et 
